Background {#Sec1}
==========

Cashew is known as the cashew tree fruit (Anacardium occidentale L.), but it is actually a pseudofruit ("cashew apple"). The real fruit is the cashew nut. It is believed to have originated in Brazil, but is has been cultivated in southeast Asia and also in some countries in Africa \[[@CR1]\]. In Brazil, it is served as a fresh beverage or in natura. The pseudofruit is very rich in vitamin C (219.3 mg/100 g) \[[@CR2]\] but poor in oxalate (Fig. [1](#Fig1){ref-type="fig"}). The nut, instead, is rich in oxalate \[[@CR3]\]. Secondary oxalosis and oxalate nephropathy can occur in primary or secondary hyperoxaluria. Secondary hyperoxaluria may be due to increased dietary intake of oxalate as seen with star fruit ingestion \[[@CR4]\], cashew nut ingestion \[[@CR5]\], increased absorption from the bowel (enteric hyperoxaluria) \[[@CR6]\], and increased production of oxalate, especially caused by increased levels of oxalate precursors, commonly glyoxalate associated with ethylene glycol ingestion and ascorbic acid \[[@CR7]\]. We present a case of a renal transplant patient who ingested a large amount of ascorbic acid due to excessive ingestion of cashew pseudofruit and juice.Fig. 1Cashew. **a** Cashew pseudofruit; (**b**) Fruit (cashew nut); (**c**) Cashew tree. Images are the authors' own

Case presentation {#Sec2}
=================

A 59-year-old black male with type 2 diabetes mellitus progressed to end stage renal failure; he received a kidney from his wife 11 years prior to presentation. He came to the outpatient clinic for routine screening and was asymptomatic. Maintenance immunosuppression therapy included tacrolimus, prednisone, and azathioprine. He was also taking medications for hypertension (atenolol and enalapril), dyslipidemia (atorvastatin), hypothyroidism (levothyroxine), and diabetes (insulin NPH). Surprisingly, he was found to have a blood creatinine level of 7.2 mg/dL and blood urea of 81 mg/dL. His previously blood creatinine levels were 2.0 mg/dL 2 months prior and in the range of 2.0 to 2.5 mg/dL 4 months prior, estimated glomerular filtration rate (GFR) by MDRD (Modification of Diet in Renal Disease Study equation): 39.6 mL/min/1.73 m2). Other laboratory results were as follows: hemoglobin (Hb), 12.0 g/L; sodium (Na), 145 mEq/L; potassium (K), 4.3 mEq/L; uric acid, 10.5 mg/dL; aspartate aminotransferase (AST), 14 U/L; alanine transaminase (ALT), 13 U/L; total calcium, 8.3 mg/dL; bicarbonate, 16.6 mE/L; albumin, 3.4 g/dL. The patient did not smoke or drink alcohol and denied any type of surgery. He also denied recent episodes of diarrhea or antibiotic use. On physical examination, he had a blood pressure of 130/80 mmHg, pulse rate of 68 beats/min, respiratory rate of 16/min, and weight of 54 kg. He had no signs of edema or dehydration. The patient was admitted to the hospital and underwent hemodialysis. A kidney biopsy was performed. Histologic analysis showed cortical and medullary areas with nine glomeruli, one of which was sclerotic, and two arteries. The pathology report of the kidney biopsy was compatible with oxalate nephropathy and severe acute tubular necrosis associated with intense calcium oxalate deposition (Fig. [2](#Fig2){ref-type="fig"}). There were no signs of rejection and C4d immunohistochemistry was negative. Fibrosis of the interstitium was moderate. Two days after the biopsy, urine sample was collected and centrifuged; calcium oxalate crystals could be seen under polarized light. The patient denied ingestion of products containing ethylene glycol, any other medication such as orlistat, and any other drugs different from what was prescribed to him. However, he reported that in the last month he had been eating 5 cashew pseudofruit ("cashew apple") every day and drinking a large amount of cashew pseudofruit juice (about 1000 mL) every day instead drinking water. The fruits were picked up from a tree in the patient's backyard. He did not eat cashew nuts. We could deduce that the patient was ingesting every day, for at least 1 month, approximately 2 to 3 g of ascorbic acid in his diet. This calculation was based on an ascorbic acid concentration of 219.3 mg/100 mL in the pseudofruit. The patient underwent five hemodialysis sessions and was discharged with a creatinine of 3.9 mg/dL and no further requirement for dialysis. Three months after hospital discharge, his creatinine was 3.4 mg/dL (MDRD GFR: 24 mL/min/1.732).Fig. 2Kidney biopsy showing extensive birefringent calcium oxalate crystal deposition and epithelial degenerative changes. **a** and **b**. Polarized microscopy (hematoxylin and eosin) in a background of interstitial fibrosis, tubular atrophy, glomerulosclerosis, and hyaline arteriosclerosis. **c** Masson trichrome.

Discussion and conclusions {#Sec3}
==========================

The most common causes of hyperoxaluria and oxalate nephropathy are primary hyperoxaluria type I and II (intrinsic overproduction of oxalate), secondary oxalosis due to dietary oxaluria after ingestion of certain foods such as star fruit and cashew nuts \[[@CR5], [@CR6]\], enteric hyperoxaluria caused by malabsorption (as seen with jejunoileal bypass and small bowel resection for Crohn disease), gastric and pancreatic lipase inhibitor use (e.g. orlistat), increased oxalate excretion after renal transplantation, and increased ingestion of oxalate precursors such as ethylene glycol and vitamin C \[[@CR6]\]. Other associated causes include chronic pancreatitis, diabetic gastroenteropathy, prolonged antibiotic therapy, and chronic kidney disease \[[@CR6]\]. In the present case, the patient did not have hyperoxaluria types I and II, did not have enteric hyperoxaluria or gastrointestinal malabsorption disease, and had no history of ethylene glycol ingestion, use of foods rich in oxalate, or prolonged antibiotic therapy.

Oxalate is eliminated almost exclusively by the kidneys and is readily filtered through the glomerulus and excreted in the proximal tubules \[[@CR6]\]. In cases of acute or chronic excessive hyperoxaluria, it can crystallize in the tubular lumen, injure the tubular epithelium, and obstruct the tubular lumen \[[@CR4]\].

In renal failure, oxalate excretion decreases roughly in proportion to the decrease in renal function as serum oxalate concentration increases \[[@CR6], [@CR8]\]. The blood levels of oxalate can achieve supersaturation and precipitate mainly in the kidneys, bones, joints, cardiac conductive system, blood vessels, and retina \[[@CR9]\].

After successful renal transplantation, excess plasma oxalate is cleared, resulting in transient hyperoxaluria lasting from 3 days to 3 weeks \[[@CR10]\]. In some patients, this deposition of calcium oxalate occurs more frequently in the first year post surgery and is associated with a possible negative impact on graft function beyond the early post-transplant period, provoking early acute kidney injury or as an additional non-immunologic factor that will impact the graft later \[[@CR10]--[@CR12]\]. In the present case the patient underwent renal transplant 11 years prior.

Ascorbic acid, also known as vitamin C, should be replaced each day by dietary intake of 70 mg to 90 mg to maintain optimal health and ascorbic acid homeostasis \[[@CR7]\]. Urinary oxalate excretion begins to increase when amounts of ascorbic acid above that required by the body are ingested \[[@CR7]\]. There are many reports of oxalate nephropathy associated with moderate and large amounts of oral and intravenous administration of vitamin C in people with previously normal renal function \[[@CR13]--[@CR17]\]. In another report, the authors describe fatal vitamin C-associated acute renal failure, without reported the patient's previous renal function \[[@CR18]\]. In a short-term human experiment, Auer et al. \[[@CR19]\] described a 25-year-old individual, with no history of nephrolithiasis and normal renal function, who ingested 8 g of ascorbic acid during 8 days. After 8 days, he presented with hematuria after oxalate excretion had increased to 350%, showing crystalluria, and the protocol was immediately suspended. Although the authors highlighted the potential dangers of large dose ingestion of vitamin C in some individuals, they did not show alterations in renal function.

Recently, some reports of patients with renal allografts developing oxalate nephropathy and worsening of renal function with vitamin C ingestion have been reported \[[@CR20], [@CR21]\]. Getting JE et al. \[[@CR20]\] described 65 patients with biopsy proven calcium oxalate crystals. Among these patients, five patients showed oxalate nephropathy associated with high intake of vitamin C, including two patients status post kidney transplant and three patients with chronic kidney diseaseysli. Suneja M et al. \[[@CR21]\] described three patients, two with a history of kidney transplant and one with a history of pancreas-kidney transplant. All three patients had history of vitamin C ingestion. They presented with acute kidney allograft dysfunction and oxalate nephropathy on renal biopsies. We do not know when the transplants occurred in these patients.

In the present case, 11 years after kidney transplant, the patient had chronic renal disease with reduced creatinine clearance, as demonstrated on renal biopsy. He also had high ingestion of vitamin C related to the ingestion of cashew pseudofruit. Oxalate nephropathy is more likely to develop in patients with more than one predisposing factor. The patient's oxalate acute nephropathy was attributed to excessive vitamin C ingestion associated with renal dysfunction, since the oxalate content in this pseudofruit is very low, although the oxalate content in the nut is high \[[@CR3]\]. To our knowledge, this is the first reported case of oxalate nephropathy provoked by vitamin C due to cashew pseudofruit ingestion. Vitamin C is prescribed for a number of indications, and clinicians should be aware of the potential risks of high doses of vitamin C ingestion and the ingestion of large amount of fruits rich in vitamin C, especially for patients with renal transplant or other nephropathies and decreased renal function.
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